Despite growing interest in the potential of digital technologies to enhance coproduction and co-creation in public services, there is a lack of hard evidence on their actual impact. Conceptual fuzziness and tech-optimism stand in the way of collecting such evidence. The article suggests an analytical framework that distinguishes between the impacts of different technologies on different elements of coproduction and co-creation, and illustrates this in three different areas. It argues that there is no reason to assume that digital technologies will always encourage coproduction or co-creation. In fact, they can also be used to bypass interaction with citizens.
Introduction
It is no exaggeration to say that the interest in how digital technologies shape citizengovernment relationships has grown immensely. From geriatric rehabilitation robots, through social media, to citizens donating data for public service design and implementation: it is often assumed that new technologies will benefit co-production and co-creation, by making these processes more effective and more efficient and by fundamentally transforming how citizens help shape public services (Lember 2018) . It is expected that digital technologies can empower individuals and collectives, and substantially increase the opportunities for more personalized and demand-driven public services (Noveck 2015; Meijer 2012) . By extension, they are expected to increase the legitimacy of the state (Kornberger et al. 2017 ). This could be wonderfulif it happens. However, before we accept such statements for fact, we ought to acknowledge at least four major problems.
For a start, there is a considerable conflation of terms. Discussions often make no difference between various types of participation such as communication, consultation, co-production, co-creation and so forth. This can lead to misunderstandings, because there are many different ways in which technologies can empower citizens or change service relationships (Lember, Tõnurist and Surva 2017) . For instance, whereas gathering ideas through social media can indeed give citizens a voice in public affairs, this does not necessarily mean that citizens are empowered as co-producers of public services or that it transforms public administration in the long term.
In addition, current debates on citizen co-production and digital technologies have so far mostly addressed this relationship with reference to social media (Linders 2012; Clark, Brudney, and Jang 2013) , crowdsourcing (Noveck 2015; Clark, Zingale, and Logan 2017) and open data (Kornberger et al. 2017) . However, the field as a whole is far broader. There is at this point no systematic approach that shows how (different types of) co-production and co-creation processes are affected by digital technologies. For example, although studies on crowdsourcing have indeed contributed a lot to our understanding on digital co-production, these studies often suffer from terminological conflation and a strictly instrumental perspective.
Furthermore, empirical evidence on the effects of new technologies in this area is still scarce, at best (Noveck 2015; Kornberger et al. 2017; Meijer 2012) . There are a number of case studies and best practices, but even these focus on the implementation of specific technologies, often ignoring how they should be institutionally embedded and how the emerging practice informs the very concept of coproduction. Systematic empirical evidence is still very hard to come by.
At the same time, the debate is pervaded by techno-optimism. This tends to stress the enormous benefits digital technologies could have, but tends to ignore the profound uncertainties and risks that come with technological innovation. What we do know is that even technologies that seemingly work well may have negative societal impacts (Jasanoff 2016; O'Neil 2016; Soete 2013; Zuboff 2019) . Conflicting interests and diverging values among stakeholders, the inability of data and algorithms to mirror the complexity of societies, unevenly spread technological capabilities and other factors make digital coproduction a fundamentally ambiguous, open-ended and contested process (Lember 2018) . In fact, new technologies could have the opposite effect of what techno-optimists assume. The increasing capabilities of governments to gather, analyse and employ vast amounts of data through social media, sensor networks, data analytics and machinelearning solutions may, together with the tendency to prefer top-down approaches in technology implementation, actually diminish the (perceived) need for and influence of active citizens in shaping public services (see e.g. Cardullo and Kitchin 2018) . As with coproduction and co-creation , a more critical and balanced perspective is in order.
The question is how to get there, in the face of such brutal optimism. Public administration and management research needs to engage more seriously, not only with new technologies, but also with specialists on these technologies (and it needs no saying that the reverse is also critically important). To make this engagement productive, it is vital to be more specific. To speak about THE effects of THE new technologies on THE involvement of citizens is to mirror the errors of the techno-optimists. There are various ways of involving citizens, there are different types of effects and there are different types of technologies. Specific technologies will probably affect co-production and co-creation in different ways, in different contexts. However daunting the task, we need to start addressing these phenomena systematically, by creating a framework that captures the variety of (both positive and negative) effects digital technologies are already having on co-production practises.
First, we will state our definition of co-production and co-creation, and how we will deconstruct these concepts. Then we will provide a short overview of the main digital technological trends that need to be taken into account. We will then explore the relationship between different types of technologies and coproduction/co-creation, proposing an analytical overview that shows the potential impacts with more precision. Finally, we will illustrate the framework through changes in three fields of co-production: policing, youth development and elderly care.
Deconstructing co-production and co-creation
The meaning of co-production and co-creation
The concepts of co-production and co-creation have a different history. In the context of public services, the former is most closely associated with the work of Elinor Ostrom (Ostrom 1996) and subsequent studies by researchers in political science and public management (Alford, 2002; Bovaird 2007; Verschuere, Brandsen, and Pestoff 2012) . The latter has been developed most elaborately in the field of marketing research (e.g. Grönroos and Voima 2013) , from which it has spread to public management (Osborne and Strokosch 2013) . Generally, it is agreed that the concepts are both about involving citizens, somehow. But that is where the agreement tends to stop. There has been a variety of different interpretations in circulation. Fortunately, in recent years, there have been several studies aiming to define the terms more precisely and distinguishing them more clearly, not only from each other, but also from citizen engagement more generally (Voorberg, Bekkers, and Tummers 2015) .
Here, we will follow Brandsen and Honingh's interpretations of co-production (2016) and co-creation (2016, 2018) . They define co-production as 'a relationship between the employees of an organization and (groups of) individual citizens. It requires direct and active inputs from these citizens to the work of the organization. The professional is a paid employee of the organization, whereas the citizen receives compensation below market value or no compensation at all ' (2016, p. 431) . In the context of public services at least, co-creation is the newer and more elusive term, but there are a number of elements that the terms share in common .
The first is that they constitute a direct part of the production process. In other words, they do not include all inputs by citizens that in some way affect the overall planning, design and delivery of a service, but focus on the direct input of citizens during the production phase. 'Direct' here means that the input by citizens affects the service individually provided to them (as an individual, family, or community), or someone who is close to them (for instance, the involvement of parents on behalf of children). Furthermore, they both refer to collaboration between professionalized service providers in public agencies and citizens, whether individually or collectively. It does not include organizations collaborating with one another. Finally, both terms refer to active input by citizens in shaping services. This is different from passive clientelism: it is not enough simply to receive or consume a product. Osborne has argued, following the service literature, that co-production and co-creation are inevitable in the context of services (Osborne and Strokosch 2013) . Yet it has also been argued that, in addition to such inherent participation, services can be designed to allow different degrees of active input (Porter 2012) .
The two terms can be distinguished on the basis of the kinds of inputs citizens contribute . Co-production is generally associated with services citizens receive during the implementation phase of the production cycle, whereas co-creation concerns services at a strategic level. In other words, when citizens are involved in the general planning of a serviceperhaps even initiating itthen this is co-creation, whereas if they shape the service during later phases of the cycle it is co-production. Input in the design of a service can be both individual or collective, depending on the level at which a service is addressed.
Let us illustrate these choices using the example of a digital platform:
• If citizens actively engage in the design and delivery of their personal services through a digital platform provided by the service organisation, it is co-production. If they only passively receive services through the platform, it is not. • If citizens initiate the construction of the digital platform, or deliberate in a representative body discussing its maintenance and design, it is co-creation. • If organisations, rather than (groups of) citizens negotiate with one another over the design and maintenance of the platform, it is neither co-production nor co-creation. This has elsewhere been referred to as 'co-management' (Brandsen and Pestoff 2006) . • If hackers invade the digital platform and wreck it, they are helping to shape the service experience of users; but they are not co-producing or co-creating. Now that we have described the processes on which new technologies could make an impact, the question is how they would do so. For this we need to deconstruct the interaction between organisations and co-producers/-creators.
Deconstructing the interactions
There is a growing body of scholarship that de-constructs the co-production/cocreation process. Bovaird and Loeffler (2013) have distinguished co-commissioning, co-design, co-delivery and co-assessment, a conceptual model that was subsequently picked up and extended by Nabatchi, Sancino, and Sicilia (2017) . These distinctions relate to the service or policy cycle of which co-production is part. In this article, we will focus on the co-design and co-delivery phases in these models, within which we will make a further distinction between different elements of the interaction that takes place in designing and/or delivery a service. In this, we will draw on other works that have highlighted specific aspects of the interaction. We identify four elements of the co-production/co-creation process on which new technologies could have an impact.
1. Establishing direct interaction: To start, very simply, it is necessary for citizens and (employees within) organisations to be in contact. This does not necessarily have to be face-to-face contact (indeed, the added value of new technologies is often exactly in removing the need for it), but there should be the opportunity for direct interaction. One of the difficulties at the time when Elinor Ostrom did her research in the 1970s was to know who the potential co-producers were and how to get in touch in them. Even to this day, a major problem in service delivery is that the different parties are simply not aware of each other.
2. Motivating: The people involved must be willing to play an active role in the co-production process. This applies on both sides. Citizens must be interested, for whatever reason, to engage in such a process. But employees must also be willing to take the effort to engage with citizens, even when it may limit their own control over the outcomes. This has been one of the key issues in past co-production research. It has examined what are the key factors that make professionals and citizens engage actively in co-production or co-creation, or not (Parrado et al. 2013; Van Eijk and Steen 2016; Van Eijk 2017; Steen and Tuurnas 2018) . On both sides, a sense of selfefficacy and autonomy appear important for the willingness to engage.
3. Bringing resources to the service: Both citizens and employees bring individual resources into the process. Both will at least offer time and their particular expertise. Teachers know best how to educate children generally, parents know their own children best (Honingh, Bondarouk, and Brandsen 2018) . This is the element that past research has demonstrated most successfully, for example, how different parties contribute to the regeneration of their neighbourhoods (Vanleene, Voets, and Verschuere 2017) or how patients bring expertise to their treatment (Batalden, Batalden, and Margolis et al. 2016; McMullin and Needham 2018) .
4. Sharing decision-making: Co-production and co-creation presumably shift decision-making power from employees to citizens. However, organisational control over the process may still be significant (if only, by limiting the range of potential decisions). Studies have shown that the role of citizens can range from providers of services, with full responsibilities, to active co-producers, to consumers, to passive beneficiaries (Pestoff 2018) .
Using these four elements, we will in the next paragraph narrow down the effects of digital technologies.
Relevant types of digital technologies and impacts on co-production/creation
In order to understand the profound impact of digital technologies might have on the nature and evolution of co-production, it is necessary to analytically unpack the technological processes underlying current developments. This is tricky. As the development cycles of ICT have become very rapid, any attempt to define some sort of definitive and detailed categorization of technological processes is probably doomed to fail. To stay close to the essence, we have chosen to follow a recent taxonomy offered by Aceto, Persico, and Pescapé (2018) , who delineate between four main instrumental characteristics of modern digital technologies: sensing, communication, processing and actuation. This comes with two caveats. First, as the authors themselves have also stressed, digital technologies usually have many parallel functionalities. Second, although this taxonomy was originally used in a study focusing on health care, we believe that this taxonomy is informative also for any other field of public service delivery. We use this approach to illustrate the characteristics of digital technologies, that is, what kind of technological opportunities come with the current ICT paradigm. Only in the later sections will we analyse how these instrumental characteristics are related to the specific elements of public service co-production.
Sensing technologies such as wearable and smart devices provide new opportunities to collect information about almost every aspect of social life. These and other sensing technologies are essential building blocks what has become known as datafication of every-day life. This has received some attention from scholars studying participation as well as co-production, as various technologies associated with the 'smart city', such as electronic sensors are becoming an everyday reality (Townsend 2013; Cardullo and Kitchin 2018) . For example, AI-based programs to map and measure litter using visual recognition technology and accompanying mobile apps to enforce anti-littering have been developed in Japan (OECD 2018), directly shaping how citizens co-produce environmental protection. In the field of medication these technological solutions are widespread: various apps are already available that track medication intake and provide intake and prescription alarms (Silva et al. 2015) ; or nudge lifestyle choices, where communication between the citizen and public sector (through an incentive or nudge) is automated and tracked. Furthermore, assisted living technologies such as telecare (remote monitoring of emergencies through sensors and personal alarms) and telehealth (transmission of medical information over telecommunication) provide opportunities for elderly people to live independently at homes, while assuming a significant shift in co-production practices (Wherton et al. 2015) . Thus, context-aware networks and pervasive monitoring applications are emerging in which the choice to actively contribute input may not be up to citizens any more or the incentives to co-produce due to pervasive monitoring change considerably.
Communication technologies from machine-to-machine communication and wireless networks to social media create new opportunities to ubiquitously interact, not only for people, but also for machines. The majority of existing studies exploring digital co-production have so far focused on social media (Meijer 2011; Linders 2012; Nam 2012; Mergel 2016; Noveck 2015; Paletti 2016) , observing the relationship between citizen-state rather than citizen-machine-state. For example, many cities and municipalities have designed new online engagement tools to get feedback from citizens in an online format (this can be simply engagement, but can also involve co-production elements). There are many other emerging technologies in this grouping that have received less attention, but are becoming central to the ways citizens engage with public-service deliveryfor example, blockchain, which enables peer-to-peer service delivery (Pazaitis, De Filippi, and Kostakis 2017; OECD 2018) . Furthermore, the spread of Wifi networks and smart personal devices have penetrated society assuring constant connectivity, portability and computing power. This allows also interactions between the state and the citizenand thus co-productionto overcome geographical, temporal and organisational barriers.
Processing technologies such as cloud computing, big data analytics and machine learning are the cornerstones in making sense of the vast amount of data available. Big Data, cloud capabilities, ubiquitous computing (computing is made to appear anytime and everywhere) and ambient intelligence (electronic environments that are sensitive and responsive to the presence of people) move data analysis and following interventions from descriptive to predictive to prescriptive (Chang and Choi 2016) . These processing capabilities allow collecting data from citizens in real time and performing non-intrusive monitoring, predictions and consequently, improvements of services. In conjunction, data mining makes it possible to analyse large observational datasets to discover unsuspected relationships, possibly uncovering new avenues of co-production or making the existing ones more precise/targeted. At the same time, processing can also shift co-production towards more passive participation on the citizen side and eliminate the need for direct interaction and thus, limiting the practice of co-production itself.
Actuation technologies based on robotics, 3-D printing and other technologies capable of mechatronic actions epitomize the ability of ICT to act independently from humans. Robot-human interactions have been around for some time (Young et al. 2011) . Governments are starting to use 3D printing to simulate and test different eco-system elements. In some cases, technology can influence coproductions patterns indirectly (e.g. in services produced based on co-created simulations). All these technological trends potentially may not only augment the existing co-production and co-creation practices, but may also change the roles and relationships between service users and professionals.
In the next sections, we bring together the core conceptual elements from previous sections on co-production (direct interaction, motivation, resources, and shared decision making) and digital technologies (sensing, communication, processing, and actuation) and show how the latter can affect co-production/-creation processes.
We use examples to illustrate the emerging trends and eventually summarize the main impacts in a table.
Interaction
Interaction between citizens and professionals is a key precondition for any coproduction or co-creation relationship to emerge and evolve.
Sensing technologies provide access to accurate real-time data and initiate interaction. Remote assistive health technologies that monitor heart conditions can signal the need for a patient or her doctor to intervene, thus potentially triggering a cascade of follow-up direct interactions. In other cases, sensing technologies initiate interactions that may give rise to new kinds of relationships. Mobile positioning data have been used to analyse tourism patterns and also crowd control during mass events (Shoval and Ahas 2016; Versichele et al. 2012) . In the eyes of planners, these applications diminish the need for direct interaction with citizens, as they can collect masses of relevant data without it. Only where the set-up and implementation of sensor networks requires direct interaction and active contributions from the citizens and professionals does sensing technology increase direct interaction.
Communication technologies such as social media enable swifter and broader interaction between public organisations and potential co-producers/-creators, since they allow for more efficient information flows, through real-time access to and exchange of information. Importantly, digital communication technologies enable a radical increase in the scale and collectiveness of interaction. Even when interactions existed prior to the introduction of these technologies, the more user-friendly form that digital technologies allow can increase reporting from citizens substantially. However, the increasing reliance on digital communication may also mean that coproduction increasingly happens only where interactions can be established digitally, to the detriment of traditional, physical interaction. An example from the history of policing is telling: while the adoption of patrol cars with radio communication technologies enabled police forces to become more effective in many different ways, this technological innovation also allowed police officers to become more reactive and detach themselves from local communities (Forst 2000) .
Processing technologies, such as cloud computing, do not in themselves directly affect interaction in any particular direction. However, when used in combination with communication and actuation technologies, they enable decision-makers to involve targeted groups of citizens, heightening interaction. By contrast, they can also be used to crowd out deliberation and debate, or to neglect input by and, thus, potential interaction with citizens (e.g. machine-learning algorithms sorting out information for police received through official social media accounts). Thus, processing technologies can influence who, when and how gets to interact with each other.
Actuation technologies can lead to significant changes in agency. These actuationdriven developments can be summarized as a shift occurring from human-to-human interactions to human-to-machines (for instance, when people start interacting with robot assistants). This may make it possible for people in the future to co-produce with machines rather than other human beings, possibly at the cost of human interaction (for good or for bad). Actuation technologies may also allow more machine-to-machine interactions, cutting out human interaction altogether.
On the whole, digital technologies can affect interaction in a myriad of ways. It can be argued that they help to join up with people, allowing citizens get in touch with organisations more easily, or vice versa. But they may also reduce the need for direct interaction and, by implication, for co-production and co-creation; or they may empower citizens to self-organise, bypassing existing organisations.
Motivation
Motivation to be engaged in co-production can be directly shaped by the ways digital technologies are employed in the co-production process.
Sensing technologies, in combination with communication technologies, can allow for the personalisation of data through smart devices, increasing the motivation to contribute. At the same time, the increasing usage of sensing technologies can also discourage citizens from becoming involved, as fear of excessive surveillance of individual behaviour increases and as citizens become overloaded with information (e.g., in the field of personalised social services, see Tõnurist and De Tavernier 2017) . In other words, the sense of autonomy and self-efficacy can be actually reduced.
Communication technologies potentially increase the motivation to co-produce/create, as they lower the threshold to engage (Clark, Brudney, and Jang 2013) . Also, the more information and knowledge becomes available through better communication and access, the more light is shed on the black box of core service delivery, and thus they may increase the motivation to participate. Finally, gamification strategies (using game-thinking or game mechanisms in non-game contexts) offer new incentives for citizens to contribute to the creation of data or other crowd-sourced resources (Mergel 2016 ).
Yet there is also the possibility that, because of gamified or nudged co-production, extrinsic motives crowd out intrinsic ones (Tõnurist and Surva 2017) . There is a danger that co-production becomes less about quality and more about the game, which can ultimately make it easier for citizens to quit co-producing andcreating, as there is little personal loyalty (see Townsend 2013 for many examples). Furthermore, as with sensing technology, ubiquitous and constant communication can decrease the motivation to engage when citizens feel that their privacy is under threat.
Processing capacity, like sensing technologies, can enhance individual motivation by creating a more personalised evidence basis for co-production at the individual level. This, in combination with communication technologies, enables real-time incentives for citizens to get involved, for example, in attempts to crowdsource solutions for public sector challenges (Noveck 2015) . But such technologies also help create personal nudges that elicit specific actions, which is not necessarily a motivation to co-produce. Coupled with Internet of Things (IoT) and Big Data analytics, nudges could be based on data regarding a person's health, location, past preferences or any other characteristic. In essence, whenever co-production depends on digital platforms (Brown et al. 2017) , the processing technologies enable the platform owners to influence citizens' and professionals' motivation to co-produce, in either direction.
Actuation can increase motivation by creating low-cost opportunities to establish or maintain co-production, for instance, through socially assistive robotics (SAR) and health tracking devices. In areas such as elderly care, behavioural therapy, mental health care, dementia care, rehabilitation, and education, people increasingly interact with robots, who encourage them to do their own work. For example, robots ('Chili') have been used in experiments to teach and motivate first-graders to make healthy food choices (Short et al. 2017) . This is essentially a coproduction process. However, the effect of this technology can also be to lower engagement, as human interaction becomes less frequent and understanding of the service process less necessary, as sensors and robots take over agency and sense-making. An interesting question is whether robot-to-human interaction should be classified as co-production or not, since an implicit assumption so far has been that it concerns human-to-human interaction. Here, we will assume that it can be, if the people involved perceive it as such.
Summing up, digital technologies have the potential to create a stronger motivation for co-production and co-creation, especially by allowing more personalised solutions and by heightening the sense of entertainment. Then again, they may also make the service process less attractive for citizens to engage in, for instance, by making it less personal or less innovative.
Shared resources
Bringing resources to the service, on the part of both citizens and professionals, is another key condition for co-production and co-creation to take place.
Sensing technologies can considerably increase the scope and scale of data both governments and citizens can reach, thus potentially increasing the quality of coproduction. For example, data generated by the IoT can be used to understand people's needs and social behaviour with much more accuracy than was previously possible (e.g., in mobility, see Poslad et al. 2015) .
Communication technologies can mobilize inputs from citizens on a far larger scale and have opened up resource-sharing in new areas. Through various digital crowdsourcing platforms, governments have been able tap into the collective wisdom of the crowds by systematically collect ideas, opinions, solutions and data from service users and citizens (Noveck 2015; Symons and Bass 2017) , for example, data collection through 'fixmy-street' and 311-type solutions (Clark, Brudney, and Jang 2013) . People can also be mobilized to create data in specialised interest areas. Public organizations at times raise money directly from citizens for public investments in school equipment or public walkways (The Economist 2013). This could be regarded as a form of hidden privatization under the label of co-production or co-creation.
Processing capabilities allow us to make sense of vast amounts of citizen-and government-generated data. The use of large-scale processing capabilities relies on the availability of datasets, as well as the right kind of input from citizens and governments. Examples include not only social media harvesting (e.g. using Twitter for sentiment analysis for getting real-time feedback), but also developing personalised solutions. This can support co-production and co-creation. For example, many European cities are creating voluntary data repositories, where citizens can donate their personal data, which are then used to co-create and co-produce new services and where the data are processed, maintained and controlled through blockchain technologies (Symons and Bass 2017) . Likewise, opening up and processing government data can create new resources for citizens to evaluate existing services or design new services. Yet such resources can also be used to govern on behalf of citizens, without actually interacting with them.
Actuation technologies can facilitate co-production by lowering the threshold for resource contribution. When certain stages of service delivery are automated, service users may find it easier and less time-consuming to engage in co-production. However, actuation technologies can also force citizens to bring in complementary resources, for instance, when particular skills are needed to co-produce with robots or remote trackers. If technical skills become necessary to take part in co-production, this may act as a barrier, especially as this knowledge is often tacit and difficult to transfer. This may strengthen existing inequalities based on digital divide, age and other factors. For example, various geriatric rehabilitation robots have been developed that not all intended users are capable of interacting with (Sale 2018; Wherton et al. 2015) .
Overall, the effects of digital technologies on resource sharing are unequivocal: they create important new resources, as well as ways to share resources, that could be used for co-production and co-creation. Whether they are actually used for that purpose is another matter.
Decision-making
In decision-making, sensing technologies can encourage an increased 'jointness' of service delivery. The ability to collect relevant data on, for example, pollution or the use of public spaces can provide citizens with a strong basis for co-creating new solutions with policymakers, giving them a seat at the table. As such, sensing technologies can empower citizens and give them the opportunity to become part of the decision-making process. However, more often than not, sensing technologies tend to strengthen the power of data (infrastructure) owners like private firms and public sector organizations. Data collected from or by citizens only adds public value in certain contexts. For example, data on people's transportation and parking choices does so if joined up with mobile pollution data and if used to co-create or co-produce behavioural changes. Yet data owners are also able to build new solutions and test service quality by joining up new data sourcesall of which is not usually possible for citizens by themselves. Thus, there is the risk of 'digital capture'.
Communication technologies can give governments more control by allowing them to manipulate (centralized) communication processes and develop personalised nudges to influence decision-making on a large scale (though perhaps hidden from citizens). By contrast, citizens can use technological platforms to self-organise and to bypass public sector organisations and professionals altogether. For example, there are a number of apps that allow citizens to self-organise for disaster relief without the involvement of the state. In both cases, there is less co-production and less co-creation.
However, the wide availability of means of communication can also enhance joint decision-making and citizen empowerment, as there are more ways to organise an open decision-making process. This applies where governments face complexities in providing public services in remote areas or crises (Joshi and Moore 2004) . Also, greater transparency leads to more effective citizen control over data underpinning co-production. Here there are numerous examples from the field of urban planning (Falco and Kleinhans 2018) .
Processing capabilities may support shared decision-making through the resources that they bring to the process. By enabling greater interaction and motivation, they can encourage co-production (see the previous sections). However, they may also effectively allow decision-makers to cut citizens out of the process, taking decisions on the basis of aggregated data only (see actuation in this section).
Actuation through programmed solutions (prior artificial intelligence) may limit citizens' choices in machine-human interactions. An emerging trend is the use of algorithm-based decision-making models (largely depending on processing capabilities) and the Internet of Things to exercise control, for instance, over the behaviour of crowds or public service performance. The mere presence of citizens in public spaces provides the governments potentially valuable feedback (Cardullo and Kitchin 2018) and makes it possible to build predictive governance models based on the actual behaviour of citizens, without actively engaging them (Athey 2017) . Auditing machine learning algorithms, which often form the core of digital co-production, has become one of the most challenging governance issues of today. Since information is aggregated and run through complex formulae, it can be close to impossible for individuals to demand accountability from data owners about decisions shaped through algorithms, without user involvement.
As machine learning becomes more sophisticated, machines can start applying adaptive decision-making, changing behaviour and actions based on the choices that people make. Thus, this may, in principle, also decentralize decision-making power. But even in such active varieties, accountability can be an issue of contention (see our discussion of youth development).
Summing up, the effects of digital technologies on decision-making can be extremely varied. If they structure the process in ways that shift decisions to clients, or open up the process to outsiders, they can strengthen co-production and co-creation significantly. This is the future that tech optimists tend to trumpet. However, in the design of IT systems, the scope of decisions can be potentially limited to such a degree that effectively decision-making powers are reduced, both for employees and clients (Bovens and Zouridis 2002; Cardullo and Kitchin 2018) . Early e-government research uncovered how ICT reinforced centralist tendencies within organisations (Snellen and van de Donk 1998) . Now new technologies may allow decisions to be effectively taken outside of these organisations, by those who design and control the standardized (automated) decisionmaking processes (e.g., Lember, Tõnurist and Surva 2017) . Both governments and citizens have quite some flexibility in the use of technology for decision-making. The choice over which communication (or any other) technologies to employ makes digitalization of co-production an inherently political issue as this choice determines also who has the control over co-production processes.
Table 1 summarizes the above described relationship between the main characteristics of digital technologies, co-production and co-creation.
Illustrations of potential effects
We will now illustrate the potential effects of digital technologies with three classic examples of public services: policing, youth development and elderly care. In each instance, we will show how digital technologies can enhance or diminish coproduction or co-creation. 
Policing
Policing has been central to co-production research ever since Elinor Ostrom and colleagues initiated their famous work, showing that police collaborating with citizens were far more effective than traditionally supposed. Technologies had already changed policing prior to digitalization, for instance, with the invention of radio communication technologies and cars, human contact became less frequent as police could receive messages directly and fewer walked the streets. Digital technologies are likely to give a new twist to this development. One strand of literature has focused on how technologies have been used to engage citizens more directly, for instance, by using social media to involve citizens in detecting crimes (Meijer 2012) . Such cases make it seem as if digital technologies will inevitably create a greater role for citizens. Twitter and other similar applications function as sensing and communication technologies for the police, which can be complemented with processing technologies that make sense of the massive data collected through social media. Clearly, these technologies enable citizens and police professionals to establish new kinds of relationships with each other. It should be noted that research has shown that it is not a broad base of citizens who are reached through such channels: it is more effective to engage with the targeted and interested few (Grimmelikhuijsen and Meijer 2015) .
But other police practices point in a different direction, towards diminished engagement. A controversial example is predictive policing, where algorithms predict, based on citizens' past behaviour, where the next crime will take place and correspondingly trigger preventive actions by police (Hunt, Saunders, and Hollywood 2014) . Many cities claim that this has clearly reduced the rates of criminal offences and thus fostered change in citizens' behaviour, though critical voices point out that the jury is still very much out (Bennett Moses and Chan 2018). In any case, if such practices continue to spread, it makes active co-production and co-creation less relevant. One of the potential longer term effect of this emerging practice might be that there is less motivation for citizens to directly contribute their resources to public safety through street watch groups and similar initiatives. As predictive algorithms are based on historically accumulated data, they do not rely on direct relationships. This diminishes citizens' ability to shape the decision-making when it comes to providing public safety as algorithmic decisionmakingpowered by processing technologiesbecomes black-boxed (O'Neil 2016). The use of predictive software makes it problematic for police professionals to justify their decisions (Bennett Moses and Chan 2018), potentially making it more difficult to form meaningful relationships with local residents.
In other words, while these may all be classed as the effects of new technologies, they are quite different in nature. In fact, the same technology may have different effects depending on context. The same communication technologies celebrated before, combined with processing and decision-making technologies, may actually diminish co-production. For instance, there are cases of police developing bots to make sense and sort the information collected from Twitter, which consequently lead to selective use of citizens input and less response, which in turn may affect motivation. Citizens as reporters of offences remain a central building block for gathering the data that feed the predictive algorithms, but their role becomes less active than when police officers and local residents actively form new relationships on the streets.
Youth development
Changing the behaviour of citizens to better fit society's norms and expectations is one of the most complex areas where co-production is involved. As shown by Cottam (2018) , digital technologies can profoundly affect how behavioural change is envisioned and implemented, while fundamentally relying on co-production between citizens and professionals in social services. She describes experiments with youth and family development programs, which abandoned bespoken services, started from observing participants' own aspirations and every-day contexts, and aimed at building participants' capabilities through forming new relationships. Next to radically rethinking the theoretical framework guiding how the behavioural change is to be approached, it was the use of a mix of digital technologies, from mobile phones and customer relationship management applications and data analytics tools, that enabled this new approach to be realised. It made it possible for participants to reach out to each other and programme staff, enabled programme staff to keep track of thousands of participants and their needs and progress, and connected participants with others who could provide opportunities for new experiences and relationships.
In this case, digital technologies performed the sensing, communicating and processing functions, and enabled quick feedback loops and low-cost solutions to connect people and judge their progress. Importantly, the technologies were not applied to replace human interactions, but to leverage the possibilities to form direct physical relationships, increase citizens' and professionals' motivation to co-produce, build and share each other's resources, and empower citizens.
The driving force behind the use of digital technologies in these initiatives was the need to re-think the design and delivery of welfare services. It was an attempt to move beyond the mass-production paradigm that currently guide the organization of welfare services towards a genuinely co-productive one. Yet, ironically, the same functionalities of digital technologies at work in those experiments can also extend rather than end the mass-production paradigm of the welfare services. As argued in Cottam (2018) and in many other accounts (e.g., OECD 2017), most of the youth professionals spent the majority of their time monitoring and reporting, rather than actively engaging with young people. Due to the ever-greater use of ICT, the streetlevel bureaucrats who engage with young people are often transformed into what has become known as 'screen-level bureaucrats' and eventually 'system-level bureaucrats', whose functions and organizational relationships are fully determined by interconnected ICT systems (Bovens and Zouridis 2002) .
It is also increasingly common for welfare departments to experiment with selftrained models that predict which young people are likely to become trapped in problems and at what point, which can support welfare professionals in designing targeted interventions (Berk 2019) . If the trade-offs between fairness and accuracy that arise from using these predictive technologies are handled well, this development could give a massive impetus to more personalized approaches to youth development services. But the potential limitation of these developments is that if the existing services for interventions do not rely much on co-production, then digital technologies could instead reinforce the existing service logic. The use of predictive risk assessment algorithms, and the interventions they trigger, can make citizens reluctant to co-produce, if they feel that the professionals intervene against their own will or ethical standards.
Elderly care
Finally, elderly care is an area where digital technologies could have a significant impact on co-production and co-creation. As with the police, past technological changes have already made their mark. From the 1950s onwards, with the development of the welfare state, governments increasingly took over elderly care functions from families, with the establishment of publicly funded homes for the elderly. This was assisted and to some extent made possible by advances in technology, such as improvements in medicine, and related to the rise of a new class of professionals (Litwak and Figueira 1968) . At present there is a shift in the opposite direction, as telecare, robot assistants, real-time remote monitoring and other technology-assisted services increasingly allow elderly people to stay at home (see e.g. Wherton et al. 2015) .
Again, there are different ways of using such technologies, which in turn shape opportunities for co-production and co-creation. For instance, technological advances already allow people to measure their own health (e.g. glucose levels). Digitalisation can extend this trend, by allowing these data to be directly transmitted to doctors and allowing remote 'house calls', during which citizens and doctors can discuss future treatment, much more easily than if they relied on physical encounters. Alternatively, technological nudges can be used to influence the motivation to coproduce, for instance, by using electronic dietary diaries which assess the impact of patients' eating behaviour and provide early warnings.
However, digital technologies can also be used to diminish the involvement of clients. When sensoring technologies simply pass on data to a medical facility in another location, it diminishes the need for interaction between patients and doctors. Indeed, doctors can be cut out of the loop altogether, as computer prescribe medicine on the basis of incoming data and have them delivered to patients' homes automatically. The functions of carers can be taken over by chat-bots and robots that combine the sensing, communicating, processing and actuation technologies, but with a potential effect of lowering the motivation of relatives to keep contributing their time and efforts (Dickinson et al. 2018) . For example, computers are already more accurate in diagnosing some cognitive impairments (including Alzheimer's or Parkinson's disease) than human doctors (e.g., Fraser, Meltzer, and Rudzicz 2016) . They can do this well in advance, before overt symptoms appear, but they need to be searching for those symptoms on the basis of personal data, which can be very intrusive. Then again, many people are afraid of doctors and being diagnosed at home can also be perceived as less intrusive. At the same time, it has been shown that co-production with medical professionals over longer periods of time brings down the stress levels associated with doctors and hospitals (Cobos, Haskard-Zolnierek, and Howard 2015) . Relying heavily on home care may mean that the stress levels of acute incidents may put people at increased risk. Thus, the balance is somewhere in-between harnessing the new diagnostic capabilities, while not in the process alienating patients from health care workers. So far, assisted living technologies for the elderly have more often than not failed to trigger new co-production practices, nor have they had significant effects on care efficacy or cost reduction (Wherton et al. 2015) .
Discussion: three scenarios and a fourth paradigm
There is still little systematic evidence on how digital technologies affect coproduction and co-creation in practice. In this article, we have aimed to arrive at a more sophisticated understanding of the potential impacts of digital technologies on co-production and co-creation. Clearly, the impact of technologies is not straightforward. We have emphasized that the use of digital technologies does not inevitably lead to co-production and co-creation. There are cases in which service professionals and users do have choices how to design specific digital solutions for co-production. However, in others they do not have this opportunity or lack the capabilities to sense and seize it. Stakeholders may be forced to use new technologies that are perceived as innovative, but of which the potential effects may not be clear to them. Often choices about new technologies are made by third parties, rather than those who would coproduce. The centralized ICT department of a city may impose strict rules on which technologies can be used in public service provision, and how. Alternatively, a city may be held hostage by its private sector technology provider that uses legacy solutions (Dunleavy, Margetts, and Bastow et al. 2006 ) that severely limit the design options for co-production or co-creation.
One could define three potential scenarios: digital technologies can augment, diversify or substitute for co-production (see also Lember 2018) .
A first possibility is that digital technologies enable co-production and co-creation in every possible sense, by overcoming existing geographical, temporal and organisational barriers. Provided that they enable interaction between service professionals and users, increase motivation for both sides to engage, facilitate mutual resourcecontributions, and/or share perceived decision-making authority, we can expect a positive synergy between digital technologies and co-production/co-creation. On a systemic level, this could lead to the transformation of the role of government in society and the role of citizens in public governance.
A second option is that digital technologies will diversify co-production practices. As emerging opportunities are seized through the complex interaction between the characteristics of specific technologies, demand for services, organizational capabilities and individual skills (Nelson and Winter 1977) , we can expect very diverse digital co-production practices to emerge with both positive and negative consequences. On the one hand, there are areas of co-production that adapt easily to technological change (e.g. where digitalization of interactions is easier), while the opposite is the case elsewhere (e.g. where the direct human touch is of a significant value in its own right). Consequently, we will probably see different rates of technology-related innovations in different areas. At a more fundamental level, this diversity of practices will likely differ from the existing ones, depending on how technologies affect the processes of interaction, motivation, resource sharing and decision-making.
We should also be aware of a third possibility, which is that digital technologies will substitute for co-production. This can happen in various ways. One is that it opens the way to more self-organisation by citizens. Technologies may give full control of service provision to citizens, without the need for direct or even indirect government involvement. Citizens will choose the design and implementation methods, co-create the technologies and coordinate the activities from start to finish (Niaros, Kostakis, and Drechsler 2017) . It allows citizens to deliver peer-to-peer initiatives on a much larger scale than was possible previously. Examples are Wikipedia and community-owned public taxi services around the world. It may well result in entire eco-systems of user-driven innovators (Von Hippel 2016), with technology as the 'silent partner'.
However, there are also developments in the opposite direction. The process of collecting input from citizens may be fully or partly automated, creating a machine-to -machine paradigm where everyday objects and the surrounding environment are connected and managed through a range of devices, communication networks and (cloud-based) servers (Aceto, Persico, and Pescapé 2018) . This changes the role of citizens to a more passive one, rather than the other way round.
In past years, public management research has emphasized the shift to a more collaborative paradigm of governance, for instance, Osborne's New Public Governance, following upon Public Administration and New Public Management (Osborne 2010) . Digital technologies have the potential to strengthen the participatory element in this latest paradigm. However, in parallel, we may be witnessing the emergence of a 'fourth paradigm', one in which decision-making in public services interacts with citizens only indirectly, through nudging, or bypasses them altogether, basing decisions on complex algorithms and collective data. This is fundamentally different from the other paradigms and at another point deserves further elaboration. These radically different visions of governance may well continue to exist alongside one another, in complex and conflicting relationships.
Future research
Accordingly, there is plenty to do for future research. Currently, it is hard to predict whether the increased information exchange that follows from digitalisation will crowd out or encourage co-production and co-creation. This depends on the institutional context, organizational capabilities and personal preferences and skills. For policymakers and citizens, it is important to better understand the potential effects and the underlying variables, as it enables better the design and implementation of co-production. Prior research has been dominated by single case studies, as has been the case in co-production research more generally. The least that is necessary is to develop a more explicitly comparative approach to the development of case studies, as opposed to an emphasis on best practices.
What complicates research in this area is the fact that technologies are increasingly packaged together. In practice, different types of technological solutions (communication, sensing, processing and actuation) often overlap. IoT and robotics need to harness all core ICT pillars to be functional. Disentangling this can be approached in various ways, through experiments and vignette studies, to isolate the effects of different variables, or through theoretically more advanced, more detailed case studies that allow a thorough examination of the interactions between different functionalities and technologies.
When examining impacts, it will be important to differentiate between different social groups. The question is whether opportunities for co-production and cocreation will exist for all, or only a select few. Traditional participation has been vulnerable to capture by groups who were arguably already in control, the highly educated who are easily able to navigate such processes. Recent co-production research has put this issue more prominently on the map, to ascertain whether coproduction replicates this bias or diminishes it . Digital technologies may require yet new skillsthen again, they may lessen the need for the ones that were traditionally required. Surveys, the analysis of secondary data and ethnographic research in communities can help show these variations.
It is equally important for the further research to understand and uncover the underlining logics that guide the development and uptake of digital technologies and thus shape the impact of these technologies on co-production. As Shoshana Zuboff has put it: 'The digital can take many forms, depending upon the social and economic logics that bring them to life' (Zuboff 2019) . Applying digital technologies to augment the mass-production paradigm of the welfare state will probably bring very different impacts when this is done to foster citizen self-organization or public sector markets through platformization.
Finally, an important question is who controls the shape of digital technologies in public service delivery and, by implication, the opportunities for co-production and cocreation. For example, the platformization of economy and governments (Linders 2012; Brown et al. 2017; Teece 2018 ) potentially provides a central role for user co-production and co-creation. Using web-based interfaces, open-government and user-generated data enable citizens and other interested parties to design and implement services based on data owned and stored by the government (Kornberger et al. 2017; Toots et al. 2017 ). Yet at present most of the technologies underlying these platformsif not these platforms themselvesare developed, owned and controlled by private companies who amass datai.e., the source of control and authorityand thus potentially pave the way towards a hidden privatization of (future) services and a re-allocation of control away from citizens. Measuring this reliably may require a process of backward mapping, showing when crucial decisions on the architecture and implementation of technologies were made, underpinned by multidisciplinary expertise and underpinned by sophisticated methodological tools. But, hard as it may be, the effort is crucially important, unless we want to keep the structures of power in a digitalised society hidden.
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